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Prev ious  Sec t ion

Sect ion 3
Infrastructure  Requirements  for  the  Creat ion ,

Management ,  and  Use  o f  Dig i ta l  Data

1.0 --  Introduction

The  DoD Desk top  Guide  fo r  CALS Implemen ta t ion  p rov ides  dec i s ion  t empla te s  fo r  se l ec t ing  the  mos t  
e f fec t ive  d ig i ta l  da ta  formats  and media  for  technica l  da ta  de l ivery .   Effec t ive  acquis i t ion  and use  of  d ig i ta l  
da ta  can  only  be  accompl ished wi th  fu l l  cons idera t ion  of  the  abi l i ty  of  the  ac t iv i t ies  to  rece ive ,  s tore ,  
d is t r ibute ,  and use  the  digi ta l  data .

The  defense  sys tem program off ice  must  ensure  tha t  a l l  rec ip ients  of  d ig i ta l  da ta  wi l l  have  the  capabi l i ty  to  
rece ive ,  s tore ,  and  main ta in  the  provided  da ta .   The  mater ia l s  and  equipment  requi red  for  rece iv ing ,  
s to r ing ,  and  main ta in ing  da ta  cons t i tu tes  the  in f ras t ruc ture  requi rements  o f  Cont inuous  Acquis i t ion  and  
Li fe -cyc le  Suppor t  (CALS) .   This  in f ras t ruc ture  requi rement  i s  a  key  cons idera t ion  in  implement ing  the  
CALS s t ra tegy  on  any  defense  sys tem acquis i t ion .   Def ic ienc ies  in  the  Government ' s  in f ras t ruc ture  may  
requ i re  inves tments  by  the  Program Manager  to  implement  the  CALS s t ra tegy  e f fec t ive ly .

Al l  major  sys tem acquis i t ion  suppor t  ac t iv i t i es  should  p lan  for  CALS implementa t ion  as  par t  o f  the i r  
in i t ia l  p rogram acquis i t ion  s t ra tegy .   This  p lanning  inc ludes  the  program s t ra tegy  for  funding  necessary  for : 
 in te r fac ing  hardware ;  spec i f ic  program appl ica t ion  sof tware ;  da ta  convers ion;  and  t ra in ing .   This  sec t ion  
l inks  se lec ted  d ig i ta l  da ta  and  media  formats  to  the  appropr ia te  inf ras t ruc ture  requi rements .

1.1 --  Purpose

This  sec t ion  i s  in tended  to  p rov ide  Program Managers  wi th  an  overv iew of  ha rdware ,  so f tware ,  and  
te lecommunica t ions  requi rements  fo r  the  c rea t ion ,  management ,  and  use  of  d ig i ta l  t echnica l  da ta .   
Paragraph  2  d i scusses  the  genera l  cons idera t ions  and  requi rements  o f  a  computer  sys tem inf ras t ruc ture .   
Paragraph  3  descr ibes  the  spec i f ic  requi rements  tha t  a re  dependent  on  the  da ta  type ,  da ta  format ,  and  user  
func t ion .

1.2 - -  Infrastructure Resource Planning

The  Program Manager  shou ld  p lan  in f ras t ruc tu re  implementa t ion  such  tha t  fund ing  can  be  se t  a s ide  to  be  
used  when  the  in f ras t ruc ture  inves tment  i s  requi red .   This  approach  wi l l  be t te r  u t i l i ze  program funding  and  
resources .

2.0 - -  General  Considerations

I f  da ta  users  do  not  have  access  to  the  appropr ia te  ha rdware ,  so f tware ,  and  t e l ecommunica t ions  equ ipmen t ;  
work ing  in  a  d ig i t a l  da ta  env i ronment  can  become an  obs tac le  course .   In  the  pas t ,  P rogram Managers  have  
cont rac ted  for  d ig i ta l  da ta  de l iverables  only  to  f ind  an  inadequate  or  nonexis tent  d ig i ta l  da ta  inf ras t ruc ture  
capabi l i ty .   The  computer  hardware  mus t  have  the  appropr ia te  p rocess ing  speed  and  d i sp lay  capabi l i ty  to  
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run  the  appl ica t ion  sof tware  adequa te ly .   The  appl ica t ion  sof tware  mus t  per form spec i f ic  t asks  on  the  
d ig i ta l  da ta  tha t  a re  requi red  by the  user .   Rather  than  re-crea te  the  da ta ,  the  appropr ia te  computer  
ne twork ing  sys t em should  a l low the  users  to  share  da ta  and  resources ,  and  t e l ecommunica t ions  equ ipmen t  
shou ld  a l low use r s  to  t ransfer  digi ta l  data  easi ly .

Af te r  r ead ing  the  Desk top  Guide ,  a  P rogram Manager  shou ld  have  an  implementa t ion  approach  fo r  da ta  
type,  p rocess ,  fo rmat ,  and  de l ivery /access  method .   Wi th  th i s  in format ion ,  in f ras t ruc ture  requi rements  can  
be  ident i f ied .   Each decis ion  wi l l  a f fec t  the  l i fe -cycle  cos ts  of  a  program and the  cos t  of  the  program's  
c o m p u t e r  in f ras t ruc ture .   Human- in te rpre tab le  da ta  fo rmats ,  such  as  Page  Descr ip t ion  Language  (PDL)  
and  ras te r ,  may not  be  su i tab le  as  source  da ta  for  o ther  appl ica t ions .   Processable  da ta  formats  can  be  
in tegra ted wi th  o ther  d igi ta l  data  to  reduce the  to ta l  l i fe-cycle  cos ts .

The  fo l lowing  top ics  a re  addressed  as  cons idera t ions  for  a  computer  in f ras t ruc ture :

z Compute r  Arch i t ec tu re
z C o m p u t e r  O p e r a t i n g  S y s t e m
z Sto rage  Dev ices
z O u t p u t  D e v i c e s
z C o m p u t e r  G r a p h i c s  a n d  M o n i t o r s
z N e t w o r k  D e v i c e s
z Appl i ca t ion  Sof tware
z Sof tware  L icens ing
z L o c a l  A r e a  N e t w o r k s  ( L A N s )
z W i d e  A r e a  N e t w o r k s  ( W A N s )
z Network  P ro toco l s
z A u t o m a t e d  I n f o r m a t i o n  S y s t e m s  ( e . g . ,  J C A L S ,  J E D M I C S )
z Internet / Int ranet
z Secur i ty

2.1  - -  Hardware Considerat ions

Compute r  ha rdware  cons i s t s  o f  the  compute r  p rocessor ,  memory ,  moni to r ,  s to rage  dev ices ,  inpu t  dev ices ,  
a n d  o ther  per iphera l  devices .   Each  computer  should  be  ta i lored  to  f i t  the  need  of  the  main  appl ica t ion .   
Computa t iona l  in tens ive  app l ica t ions  such  as  mechan ica l  so l id  mode l ing  o r  eng ineer ing  s imula t ion  wi l l  
r equ i re  a l a rger  amount  o f  memory  than  genera l  t ex t  and  2-D graph ics -based  app l ica t ions .   Each  
appl ica t ion  requi res  a  d i s t inc t  amount  of  hard  d i sk  space  for  da ta  s torage .   Ras te r  images  and  s imula t ion  
models  t end  to  requ i re  more  d i sk  space  and  fas te r  p rocess ing  than  vec tor -based  da tabases  such  as  
Compu te r  Graph ic s  Me ta f i l e  ( C G M )  o r  Compute r  A ided  Des ign  (CAD)  f i l e s .

2.1.1  - -  Computer Architecture

Most  eng inee r ing  and  bus iness  s ing le  use r  compute r s  use  e i the r  an  80486 ,  68CL040 ,  Pen t ium (P5) ,  
P P C 6 0 1 ,  o r  a  Reduced  Ins t ruc t ion  Se t  Compute r  (RISC)  b a s e d  processors .   Each  computer  i s  des igned  to  
meet  a  spec i f ic  requi rement .   In  many cases ,  the  computer  a rch i tec ture  i s  dr iven  by  the  choice  of  
appl ica t ion  so f tware  needed  to  per form a  speci f ic  task .   For  th is  reason,  the  sof tware  se lec ted  may be  the  
mos t  impor t an t  dec i s ion  made .
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The  Persona l  Compute r s  (PC)  a re  the  mos t  wide ly  used  compute r s  and  a re  idea l  fo r  non-computa t iona l  
in tens ive  appl ica t ions  tha t  requi re  low-  to  med ium-graph ic  d i sp lays .   The  RISC works ta t ions  a re  wide ly  
used  in  engineer ing  and  technica l  publ i sh ing  appl ica t ions  tha t  requi re  e i ther  a  powerfu l  processor  for  
ex tens ive  ca lcu la t ions  or  a  h igh- reso lu t ion  graphics  d i sp lay  for  document  ed i t ing .   A "d isk less"  RISC 
works ta t ion  may  p rov ide  a  low-cos t  so lu t ion  to  some  eng ineer ing  comput ing  needs .   These  works ta t ions  
typica l ly  have  a  smal l  hard  d isk  for  the  opera t ing  sys tem whi le  the  appl ica t ion  sof tware  and user  f i les  a re  
loaded  f rom a  se rver  works ta t ion  tha t  i s  connec ted  by  a  ne twork .   A th i rd  op t ion  i s  a  graphic  d isplay  
works ta t ion  tha t  suppor t s  the  X-window Mot i f  s t andard .   However ,  a  P C  w i t h  X - w i n d o w  e m u l a t i o n  
so f tware  may  p rov ide  the  same  fea tu res  a t  a  lower  cos t .   The  s t andard  op t ions  fo r  min imum,  recommended , 
a n d  R I S C  compute r s  a re  p resen ted  in  Tab le  3 -1 .   The  min imum conf igura t ion  desc r ibes  the  min imum 
capabi l i t i es  tha t  should  be  ava i lab le  on  ex is t ing  works ta t ions  and  the  r ecommended  conf igu ra t ion  i s  
in t ended  fo r  new compute r  pu rchases .

                                                                                                                                                                                            
PC Workstat ion PC Workstat ion RISC Workstat ion
M i n i m u m R e c o m m e n d e d

                                              Conf igurat ion                                Conf igurat ion                                                             
P r o c e s s o r                               4 8 6  D X  - -  6 6 / 6 8 L C 0 4 0                    P 5 - 1 3 3 / P P C  6 0 1                       R I S C  W o r k s t a t i o n       
L 2  c a c h e                                2 5 6 K                                                 2 5 6 K                                                                             
S y s t e m  m e m o r y                    1 6  M B                                              1 6  M b                                        3 2  M b                          
E x p a n s i o n  b u s                       P C I  a n d  I S A                                     P C I  a n d  I S A                                                                  
S o u n d  c a r d                            16 -b i t  FM - -  Op t iona l                      1 6 - b i t  F M                                                                      
G r a p h i c s  M e m o r y                 1 M B  D R A M  - -  O p t i o n a l                 2 M B  D R A M  o r  V R A M                                               
M e d i a                                                                                                                                                                                 
    H a r d  D r i v e                        5 4 0  M B                                            1  G B                                          5 0 0  M B                        
    F l o p p y  D r i v e                     3 . 5 *                                                   3 . 5 *                                           3 . 5 *                              
    T a p e  D r i v e                        O p t i o n a l                                           O p t i o n a l                                    Y e s                               
    C D  D r i v e                           4 X  C D - R O M                                    6 X  C D - R O M                            Y e s                               
    W O R M                              O p t i o n a l                                           O p t i o n a l                                    O p t i o n a l                       
    M o d e m                              1 4 . 4 - K b p s                                         2 8 . 8 - K b p s                                 O p t i o n a l                       
M o n i t o r                                 1 4 - 1 5 "  S V G A  0 . 2 8 d p i                     1 7 "  S V G A  0 . 2 8 d p i                   1 9 " - 2 1 "  H i g h  R e s        
Typ ica l  Cos t                          $ 8 0 0  t o  $ 1 , 2 0 0                                 $ 2 , 0 0 0  t o  $ 4 , 0 0 0                       $ 5 , 0 0 0  t o  $ 5 0 , 0 0 0       
*  - -  At  l eas t  one  mach ine  in  o f f i ce  a rea  shou ld  have  a  5 .25"  F loppy  Disk  Dr ive

Table  3 -1 .  - -  S tandard  Opt ions  for  PC Types .

2.1 .2  - -  Computer  Operat ing System

The opera t ing  sys tem is  the  shel l  tha t  in terpre ts  the  use r ' s  commands  and  t r ans la t e s  them in to  mach ine  code 
to  con t ro l  the  computer ' s  resources .   The  computer ' s  in te rna l  c lock ,  memory ,  Cent ra l  Process ing  Uni t  
( C P U ) ,  te rminal ,  and  o ther  per iphera ls  a re  cont ro l led  by  the  opera t ing  sys tem.   The  three  major  d is t inc t ions 
among opera t ing  sys tems  a re  the  in te rna l  th roughput  b i t  s i ze ,  the  amount  o f  ava i lab le  memory ,  and  the  
abi l i ty  for  mul t i tasking.   Each of  these  fac tors  controls  the  ef fec t iveness  of  a  computer  for  a  par t icu lar  user .

Mos t  PCs  have  a  32-b i t  in te rna l  bus  as  do  mos t  RISC works ta t ions .   A  few of  the  h igh-end  RISC 
works ta t ions  have  a  64-b i t  in te rna l  bus  and  wi l l  be  compat ib le  wi th  a  64-b i t  opera t ing  sys tem.

Severa l  opera t ing  sys tems  a re  ava i l ab le  fo r  80486  and  P5  based  PCs .   Disk  Opera t ing  Sys tem (DOS)  was  
the  f i r s t  major  opera t ing  sys tem for  a  PC and  cont inues  to  be  the  s tandard .   DOS is  on ly  an  8-b i t  o r  16-b i t  
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opera t ing  sys tem and  does  no t  o f fe r  t rue  mul t i t a sk ing .   OS/2  (now OS/2  Warp)  was  in t roduced  a  few years  
a g o  and  of fe red  use rs  mul t i t a sk ing  and  a  32-b i t  opera t ing  sys tem.   Windows  NT i s  s imi la r  to  Macin tosh  
Ope ra t i ng  Sys tem 7 .5  ( see  next  paragraph)  and  of fe rs  many  advan tages  compared  to  DOS.   The  l a rges t  
benef i t  i s  tha t  Windows  NT i s  ava i l ab le  on  PCs  and  RISC-based  works ta t ions .   This  a l lows the  
eng ineer ing  users  access  to  the  same appl ica t ion  sof tware  on  a  RISC works ta t ion  tha t  mos t  bus iness  users  
have  on  a  PC .   Whi l e  Windows  95  i s  a  new 32-b i t  opera t ing  sys tem for  PCs ,  i t  a l so  inc ludes  16-b i t  code  
tha t  wi l l  a l low i t  to  work  wi th  ex is t ing  Windows  3 .x -  and  DOS-based  app l i ca t i ons .

A popu la r  opera t ing  sys tem used  fo r  the  Mac in tosh  68000  se r i e s  and  the  Mac in tosh  PPC 601  p rocessors  i s  
M a c i n t o s h  Opera t ing  Sys tem 7 .5 ,  which  i s  a  t rue  w i n d o w i n g  s y s t e m  wi th  32-bi t  mul t i tasking capabi l i t ies .   
Th i s  opera t ing  sys tem has  a t ta ined  popular i ty  due  to  i t s  ab i l i ty  to  meet  the  demands  of  bo th  beginner  and  
expe r t  compu te r  users .   The  opera t ing  sys tem has  s t r ic t  hardware /sof tware  s tandards  tha t  reduce  
compat ib i l i ty  and  ins ta l la t ion  problems,  a l though the  cos t  of  th is  sys tem is  genera l ly  h igher  than  s imi lar  
W i n d o w i n g  s y s t e m s .

In  a  RISC machine ,  the  ins t ruc t ion  se t  con ta ins  s imple ,  bas ic  ins t ruc t ions ,  f rom which  more  complex  
ins t ruc t ions  can  be  composed .   Mos t  ins t ruc t ions  a re  c o m p l e t e d  in  one  machine  cyc le ,  which  a l lows  the  
processor  to  handle  severa l  ins t ruc t ions  a t  the  same t ime.   This  p ipe l in ing  i s  a  key  technique  used  to  speed  
up  R I S C  mach ines .   Mos t  RISC works ta t ions  cu r ren t ly  have  a  UNIX opera t ing  sys tem based  on  Sys tem V 
UNIX o r  Berke ley  BSD 4 .4  UNIX tha t  i s  POSIX compl i an t .   Each  ope ra t ing  sys t em p rov ided  wi th  RISC 
works ta t ions  i s  un ique ,  bu t  mos t  wi l l  run  app l ica t ion  p rograms  tha t  were  compi led  us ing  Sys tem V or  
B e r k e l e y  B S D  U N I X .

O S F / 1 . 0 ,  O P E N  V M S ,  a n d  W i n d o w s  N T  a r e  o p e r a t i n g  s y s t e m s  tha t  a re  des igned to  a l low users  a  grea ter  
var ie ty  o f  app l i ca t ion  so f tware .   Windows  NT i s  des igned  to  a l low use r s  o f  the  RISC-based  compute r  and  
80486 -p roces so r -ba sed -compu te r  to  run  the  same opera t ing  sys tem and  the  same vers ions  of app l ica t ion  
sof tware .

Keep  in  mind  tha t  in tegra l  to  the  opera t ing  sys tem cho ice  i s  the  make  and  somet imes  mode l  o f  the  p la t fo rm 
used .   Di f fe ren t  p la t forms  running  the  same opera t ing  sys tem wi l l  somet imes  requi re  t rans la t ion  or  
conve r s ion  of  p rograms  before  they  wi l l  run  on  an  a l te rna t ive  p la t form.   For  example ,  p rograms  des igned  
to  run  in  an Orac le  da tabase  on  an  HP f i l e  se rver  mus t  be  "por ted"  to  DEC or  SUN or  any  o the r  make  to  
a l low i t  to  opera te .   This  adds  cos t  and  schedule  cons idera t ions  to  the  effort .

2.1 .3  - -  System Backup

Sys tem backup  i s  ve ry  impor tan t  to  the  Program Manager .   I f  managed  proper ly ,  sys tems  can  be  des igned  
s u c h  tha t  even a  ca tas t rophic  loss  of  da ta  can  be  r ecove red  in  a  re la t ively  shor t  per iod of  t ime.   To do th is ,  
t he  P rogram Manager  shou ld  address  a reas  such  as  ha rd  dr ive  or  CPU fai lure ,  l ightning s t r ike ,  f i re ,  or  
d a m a g i n g  s to rm in  a  d i sas te r  recovery  p lan .   A  common means  to  a rch ive  sys tem and  program da ta  i s  to  
use  a  t ape  backup  sys tem.   The  backup  sys tem should  a l so  be  tes ted  to  make  sure  i t  works  p roper ly .

2.1.4 --  Data Storage

Each  compute r  sys t em needs  the  appropr i a t e  amoun t  o f  da ta  s torage  capaci ty  to  a l low users  access  to  a l l  
a reas  of  pro jec t  da ta .   This  d isk  space  can  res ide  on  each  computer  or  on  a  ne twork  f i le  server .   S torage  
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t echno logy  i s  cons tan t ly  chang ing ,  and  the  Program Manager  shou ld  unders tand  tha t  the  phys ica l  media  
addressed  be low i s  p rovided  as  a  gu ide l ine  bu t  does  no t  necessar i ly  imply  tha t  on ly  the  fo l lowing  
technology  should  be  used  in  bu i ld ing  in f ras t ruc ture .   When  eva lua t ing  whether  to  use  new technology ,  the  
P r o g r a m  M a n a g e r  should  assure  compat ib i l i ty  wi th  o ther  equ ipment  o f  the  same technology  or  wi th  o lder ,  
less  soph is t i ca ted  media .

2.1.4 .1  - -  Magnetic  Media

Magnet ic  d i sk  dr ives  (hard  dr ives )  a re  ava i lab le  fo r  mos t  computer  sys tems .   Magnet ic  d i sk  dr ives  can  s to re 
f rom 200  to  4 ,000  megaby tes  and  shou ld  be  A m e r i c a n  Nat iona l  S tandard  Ins t i tu te  (ANSI) ,  SCSI ,  o r  IDE 
compat ib le .   SCSI  p rov ides  compat ib i l i ty  and  a l lows  fo r  expans ion  when grea ter  d isk  space  i s  requi red .

Magne t i c  d i sks  can  be  used  to  t r ans fe r  da ta  when  requ i red .   The  mos t  common magne t i c  d i sk  used  to  
t ransfer  da ta  are  the  3 .5  inch d isket tes .   The  3 .5  inch can ho ld  up  to  4  Mb o f  da ta ;  however ,  1 .44  Mb 
d iske t tes  a re  more  preva len t .   Us ing  magnet ic  d i sks  to  t ransfe r  da ta  should  on ly  be  cons idered  when  the  
to ta l  data  does  no t  exceed  10  Mb .

When t rans fe r r ing  over  10  Mb of  da ta ,  a  9 - t rack  computer  t ape  or  Quar te r  Inch  Car t r idge  (QIC)  tape  
w o u l d  b e  be t t e r  su i t ed  ( see  MIL-STD-1840) .   The  s tandard  9 - t rack  t ape  can  s to re  approx imate ly  240  Mb 
of  da ta  compared  to  500  Mb wi th  the  QIC.   The  exac t  conf igura t ion  o f  the  tape  format  can great ly  af fec t  
the  capaci ty  of  the  tape .   Tape dr ives  tha t  accept  tape  car t r idges  are  eas ier  to  obta in  and in tegra te  in to  a  
desk top  compu te r  sys t em.   Howeve r ,  t he  P rog ram Manage r  shou ld  conf i rm tha t  tape  formats  a re  
compa t ib l e .

An a l te rna t ive  technology to  9- t rack  tape  or  an  opt ica l  d r ive  (paragraph  2 .1 .4 .2)  i s  the  Dig i ta l  Audio  Tape  
(DAT)  dr ive .   DAT dr ives  can  s tore  up  to  5  Gigabytes  (G-byte)  o f  da ta .   The  tapes  a re  smal l  and  a re  eas i ly  
in tegra ted  in to  the  desk top  env i ronment .   Th is  avo ids  capac i ty  p rob lems  tha t  a re  somet imes  encounte red  in  
9- t rack  and opt ica l  dr ives .

2.1.4.2 --  Optical  Media

Opt ica l  d r ives  a re  read i ly  ava i lab le  and  come in  many  d i f fe ren t  types  and  s izes .   The  mos t  common op t ica l  
d r ive  i s  t he  5 .25  inch  Compac t  Di sk  (CD)  Read  Only  Memory  (ROM)  d r ive .   These  d r ives  a re  used  fo r  end 
use r  sys tems  s imi la r  to  the  Advanced  Techn ica l  In fo rmat ion  Suppor t  (ATIS)  sys tem ( see  Append ix  Naval  
Forces ) .   A  Wr i t e  Once /Read  Many  (WORM)  op t i ca l  d i sk  sy s t em should  be  cons idered  for  s tor ing  the  
f inal  del iverable  digi ta l  data  for  a  large project .   C D - R O M s  t y p i c a l l y  s tore  740  Mb of  da ta ,  and  14"  opt ica l  
p la t te rs  can  s tore  up  to  200 G-bytes .   This  wi l l  provide  the  pro jec t  wi th  a  non-erasable  copy of  the  da ta  tha t  
can  he lp  in  conf igura t ion  con t ro l .   However ,  a l l  WORM opt ica l  d i sk  sys tems  do  no t  p roduce  the  same  
fo rma t  a s  CD,  and  compat ib i l i ty  wi th  the  end  user  should  be  ver i f ied .

2.1.5 --  Output Devices

Each computer  user  wi l l  need  access  to  a  pr in te r .   Users  involved  wi th  the  c rea t ion  or  use  of  engineer ing  
drawings  and  in format ion  may a l so  requi re  access  to  a p lo t te r .   These  dev ices  can  be  se t  up  on  a  Loca l  
Area  Network  (LAN) ra ther  than  d i rec t ly  to  a  spec i f ic  computer ,  so  tha t  ne twork  users  can  share  the  
dev ices .   Pr in te rs  a re  genera l ly  used  to  produce  "A"  (8 .5"  x  11")  o r  "B"  (11"  x  14")  (ANSI  Y14.1-80)  s ize  
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d o c u m e n t s .   P lo t te rs  a re  used  to  crea te  up  to  "J"  s ize  documents .   Aper ture  card  p lo t te rs  a re  a lso  avai lable  
and  are  used  to  p lo t  the  image  to  an  aper ture  card  and  inscr ibe  the  aper ture  cards  keypunch da ta .

An "A"  s ize  Pos tScr ip t  compat ib le  l ase r  p r in te r  i s  the  s tandard  pr in te r  recommended  for  genera l  use .   The  
p r in te r  shou ld  have  a  min imum reso lu t ion  o f  300  by  300  Dots  Pe r  Inch  (DPI )  and  a  min imum pr in t  speed  
of  four  to  e ight  pages  per  minute .   An "A/B"  s ize  laser  pr in te r  would  be  su i tab le  for  pr in t ing  engineer ing  
drawings .   Mos t  d rawings  a re  l eg ib le  when  pr in ted  on  "B"  s ize  paper .

The two main  types  of  p lo t ters  a re  e lec t ros ta t ic  and pen p lo t ters .   Elec t ros ta t ic  "E"  s ize  p lo t ters  a re  
r ecommended  fo r  eng inee r s  invo lved  in  the  c rea t ion  and  rev iew of  eng inee r ing  documents  o r  when  the re  is 
a  requi rement  to  p lo t  up  to  "E"  s ize  ras ter  drawings .   A pen p lo t te r  may suff ice ,  but  these  p lo t te rs  can  take  
up  to  30  minutes  to  pr in t  a  vec tor  drawing versus  only  1  to  2  minutes  for  an  e lec t ros ta t ic  p lo t te r .   Pen  
p lo t ters  cannot  be  used to  p lo t  ras ter  images .   Elec t ros ta t ic  p lo t te r s  genera l ly  cos t  be tween  $5 ,000  and  
$12 ,000;  pen  p lo t te r s  cos t  about  $4 ,000 .

2.1 .6  - -  Computer  Monitors

The  reso lu t ion  and  moni to r  s i ze  a re  impor tan t  cons idera t ions  when  choos ing  the  p roper  moni to r .   A  15-  to  
17- inch  moni to r  i s  su i t ab le  fo r  genera l  Windows  app l ica t ions ,  bu t  i s  no t  recommended  fo r  rev iewing  
drawings  or  i l lus t ra t ions .   Mos t  users  who work  wi th  g raphica l  da ta  such  as  eng ineer ing  drawings  or  
technica l  i l lus t ra t ions  wi l l  be  more  ef f ic ient  wi th  a  h igh-resolu t ion ,  19- inch  moni tor .   This  i s  especia l ly  
t rue  when  work ing  wi th  ras te r  f i l es .   A  la rger  moni to r  may  e l imina te  the  need  to  zoom in  on  a  sect ion of  
the  drawing or  i l lus t ra t ion .

2.1.7 --  Graphics Processors

An op t ion  fo r  some RISC-based  works ta t ions  i s  r ea l - t ime ,  3 -D graph ic  manipu la t ions .   Th i s  a l lows  the  
user  to  ro ta te  and/or  sca le  the  v iew of  the  objec t  in  rea l  t ime.   Any engineer  per forming so l id  model ing  or  
f in i te  e lement  analys is  wi l l  increase  product iv i ty  on  the  works ta t ion  wi th  th i s  op t ion .   Screen  redraws  for  
c o m p l e x  images  can  take  up  to  severa l  minu tes  wi th  a  s tandard  graph ics  op t ion  bu t  can  be  per formed  
ins tan taneous ly  wi th  the  3 -D graphic  p rocessors .

2.1.8 - -  Network Devices

Network  dev ices  inc lude  equipment  tha t  i s  requi red  to  connec t  a  s ing le  user  s ta t ion  to  an  ex is t ing  ne twork  
or  to  connec t  two or  more  ne tworks  toge ther .   E x a m p l e s  of  th i s  type  of  equipment  usua l ly  a re  ne twork  
cards ,  br idges ,  and routers .

The  bas ic  requ i rements  fo r  c rea t ing  a  s ing le  LAN are  a  Network  In te r face  Card  (NIC)  and  the  appropr ia te  
cab le  (e .g . ,  an  Etherne t  board  for  each  computer  and  the  coaxia l  o r  twis ted-pa i r  cab le  to  connec t  each  
compute r ) .   Ne twork  b r idges  can  be  added  to  the  LAN,  to  connec t  to  o the r  LANs  o r  manage  the  LAN 
elec t ronic  message  t raf f ic .   A br idge  i s  a  ne twork re lay  tha t  reads ,  buffers ,  and sends  data  to  re lay  i t  f rom 
o n e  da ta  l ink  to  another ,  bu t  makes  the  two da ta  l inks  appear  as  one  to  leve ls  h igher  than  the  da ta  l ink  
l ayer .   Ne twork  te rmina l  se rvers  a l low te rmina l s ,  modems ,  and  pr in te r s  to  be  connec ted  in to  the  LAN.   A 
router  i s  another  type  of  ne twork  " re lay"  tha t  uses  a  pro tocol  beyond the  da ta- l ink  pro tocol  to  route  traffic 
be tween  LANs  and  o the r  ne twork  l i nks .   Ne twork  routers  enab le  r emote  LANs  to  be  connec ted  o r  the  
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L A N  t o  c o n n e c t  t o  a  W i d e  A r e a  N e t w o r k  ( W A N ) .

Al l  ne twork  devices  should  suppor t  the  Etherne t  V2.0 ,  Ins t i tu te  of  E lec t r ica l  and  Elec t ron ic  Engineers  
( IEEE)  802 .2  and  802 .3  s t andards .   Due  to  LAN conf igura t ion  complex i ty  and  var ie ty ,  the  Program 
M a n a g e r  s h o u l d  d i scuss  in f ras t ruc ture  requi rements  wi th  the  suppor t ing  ac t iv i ty  Automated  Data  
Process ing  (ADP)  manage r  be fo re  pu rchas ing  any  ne twork  equ ipmen t .

2.1.9 --  Input Devices

There  a re  many  d i f fe ren t  ways  to  p rov ide  input  to  a  computer  sys tem.   One  of  the  mos t  bas ic  input  dev ices  
i s  a  keyboard .   Whi le  there  a re  many d i f fe rent  a r r angemen t s ,  the  indust ry  s tandard  is  the  101-key type .   
Add i t i ona l  devices  inc lude  mice ,  t rack  bal l s ,  d ig i t iz ing  table ts ,  l ight  pens ,  and scanners .   With  the  
except ion  of  the  scanner ,  a l l  the  previous  devices  genera te  da ta  wi th  the  user ' s  gu idance .

2.1.9.1 --  Scanners

Scanners  a re  the  means  by  which  paper  o r  aper ture  card  in format ion  i s  conver ted  in to  d ig i ta l  fo rmat .   The  
technology of  scanners  has  grea t ly  increased  in  the  past  few years  and  can  add  speed  in  the  genera t ion  of 
technica l  da ta .   Scanners  can  have  many fea tures  inc luding  color ,  gray  sca le ,  l ine  ar t ,  and  a  hos t  of  others .   
As  a  genera l  ru le ,  the  more  fea tures  and  h igher  reso lu t ion  of  the  image ,  the  more  d i sk  space  is  required.   
There  a re  def in i te  ranges  where  there  i s  a  po in t  of  d iminish ing  re turn  compar ing  qua l i ty  of  image  vs .  s ize  
of  image .   At ten t ion  should  be  pa id  to  th i s  aspec t ,  because ,  no t  on ly  wi l l  a  la rge  image  consume a  la rge  
amount  o f  d i sk  space,  but  i t  wi l l  a l so  s low the  speed  of  the  compute r  when  the  g raph ic  is  to  be displayed.   
There  a re  many d i f fe rent  types  and  s izes  of  scanners  ava i lab le  to  the  P r o g r a m  M a n a g e r .   The  two bas ic  
types  of  scanners  a re  page  scanners  and  la rge- format  scanners .

Page  scanners  a re  des igned  to  be  implemented  wi th  t ex t  o r  g raph ics  up  to  8 .5  by  11  inches .   When  scann ing 
images  fo r  documents  tha t  a re  cur ren t ly  be ing  c rea ted  or  upda ted ,  a  s ing le -page  scanner  should  work  wel l .   
An  au tomat i c  documen t  f eede r  shou ld  be  cons ide red  for  la rge  volumes  of  paper  da ta .   Features  for  a  
s ing le -page  scanner  inc lude  qua l i ty  o f  scan  and  modera te  speed .

Large- format  scanners  a re  used  to  genera te  ras te r  images  f rom paper  d rawings  up  to  60  inches  wide  wi th  
an  un l imi ted  length .   The  scanners  a re  monoch rome /g ray  s ca l e  and  are  a  s ingle-sheet  feed operat ion.   In  
recent  years ,  the  speed  and  cos t  have  been  s igni f ican t ly  reduced  whi le  qua l i ty  has  been  enhanced .   
Large- format  scanners  can  prov ide  a  means  of  conver t ing  o ld ,  de te r io ra t ing  paper  d rawings  in to  an  
e lec t ronic  form that  can  be  edi ted  and res tored ,  i f  requi red .   Many ac t iv i t ies  and s i tes  are  current ly  us ing  
scanners .   Al though the  cos t  has  been  reduced  s ign i f ican t ly ,  a  l a rge- format  scanner  i s  a  major  inves tment  
and  i s  usua l ly  purchased  by  the  sof tware  suppor t  ac t iv i ty  as  a  shared  resource .

The  360  Defense  Pr in t ing  Serv ice  (DPS)  s i t es  suppor t  a l l  the  Serv ices  and  can  prov ide  scanning  se rv ices .   
Jo in t  Eng inee r ing  Da ta  Managemen t  In fo rma t ion  and  Con t ro l  Sys t em ( JEDMICS)  s i t e s  have  l a rge  fo rma t  
a n d  aper ture  card  scanning  capabi l i ty .   Program managers  should  cons ider  these  organiza t ions  for  l a rge  
fo rma t  or  aper ture  card  scanning  in  order  to  avoid  the  cos t  o f  purchas ing  expens ive ,  spec ia l ized  equipment .

2.2 - -  Software Considerations
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The  P rogram Manage r  mus t  cons ide r  how spec i f i c  so f tware  appl ica t ions  f i t  in to  the  comple te  da ta  process .   
Conf igu ra t ion  managemen t  so f tware  may  be  needed  to  control  the  access  and revis ion of  d ig i ta l  da ta  f i les  
as  wel l  as  the  spec i f ic  appl ica t ion  sof tware .   Sof tware  appl ica t ions  and  repos i tory  serv ices  ava i lab le  through 
A u t o m a t e d  I n f o r m a t i o n  S y s t e m s  ( A I S s )  s u c h  a s  J E D M I C S  should  be  cons idered  before  d i f fe ren t  sof tware  
appl ica t ions  a re  examined .   Another  impor tan t  ques t ion  i s  whether  the  sof tware  impor t  and  expor t  f i l es  a re  
o r  shou ld  be  in  a  CALS fo rmat  such  as  MIL-PRF-28000  In i t i a l  Graph ics  Exchange  Spec i f i ca t ion  ( IGES)  
a n d  M I L - P R F - 2 8 0 0 1  S t anda rd  Gene ra l i z ed  Markup  Language  (SGML) .   Due  to  the  mul t i tude  of  avai lable  
G O T S  a n d  C O T S  s o f t w a r e ,  the  key cons ide ra t ion  becomes  seamless  in tegra t ion  of  appl ica t ions  for  ease  of  
use  and  ensur ing  func t iona l  requi rements  a re  met  by  the  se lec ted  sof tware .

2.2.1 --  Data Formats

Digi ta l  da ta  de l ive rab les  ava i l ab le  in  the  CALS env i ronment  a re  ex tens ive .   The  Program Manager  mus t  
de t e rmine  which  format  i s  appropr ia te  a t  each  s tage  of  a  spec i f ic  program.   The  f ina l  de l iverables  could  be  
in  a  s t andard  CALS fo rmat  whi le  p re l iminary  d ig i t a l  da ta  may  be  in  a  Mutua l ly  Agreeab le  Commerc ia l  
So f tware  ( M A C S )  fo rmat  tha t  i s  agreeab le  to  the  Program Manager  and  the  con t rac to r .   Commerc ia l  word  
p rocess ing  so f tware  with  the  capabi l i ty  of  text  a t t r ibute ,  s tyle  sheets ,  and  imbedded  g raph ics  may  be  used  
to  v iew and  annota te  p re l iminary  TMs/TOs .   In  genera l ,  the  da ta  needed  fo r  sus ta inment  o f  a  weapon  
sys tem needs  to  be  c rea ted  in  a  s tandard  or  mutua l ly  accep tab le  fo rmat  so  tha t  min imal  da ta  convers ion  
wi l l  be  requi red  la ter  on .   A l i s t  of  var ious  d ig i ta l  da ta  formats  i s  shown in  Table  3-2 .

The  P rogram Manage r  mus t  cons ide r  who  i s  go ing  to  use  the  data  and ensure  tha t  the  inf ras t ructure  
m a t c h e s  each  user ' s  da ta  use  requi rements .

                                                                                                     
Standard Digi ta l  Data Formats:

                                                                                                     
M I L - P R F - 2 8 0 0 0  I G E S
                                                                                                     
M I L - P R F - 2 8 0 0 1  S G M L
                                                                                                     
M I L - P R F - 2 8 0 0 2  R a s t e r  g r a p h i c s
                                                                                                     
MIL-PRF-28003  CGM fo r  i l l u s t r a t i on  da t a
                                                                                                     
Fo rma t t ed  Amer i can  S tanda rds  Code  fo r  In fo rma t ion

In te rchange  (ASCII )  t ex t
                                                                                                     
P a g e  D e s c r i p t i o n  L a n g u a g e  P O S T S C R I P T
                                                                                                     
V H S I C  H a r d w a r e  D e s c r i p t i o n  L a n g u a g e  ( V H D L )
                                                                                                     
E lec t ron ic  Des ign  In te rchange  Format  (EDIF)
                                                                                                     
Ins t i tu te  fo r  In te rconnec t ing  and  Packaging  ( IPC-D-350)
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Po r t ab l e  Documen t  Fo rma t  (PDF)  - -  Adobe  Ac roba t

(defac to  s tandard)
                                                                                                     
I E T M  f o r m a t  ( M I L - P R F - 8 7 2 7 8 ,  - 8 7 2 6 9 ,  S G M L ,  P D F ,  e t c . )
                                                                                                     
Na t ive  da ta  fo rmat  (e .g . ,  CAD,  word  process ing ,  e tc . )
                                                                                                     

Table  3 -2 .  - -  S tandard  Dig i ta l  Data  Formats .

The requi red  inf ras t ruc ture  wi l l  vary  depending  on  the  da ta  use  and  the  da ta  format .   Formats ,  such  as  
MIL-PRF-28002  Ras te r ,  wi l l  r equ i re  a  h igher  reso lu t ion  moni to r  bu t  l e ss  p rocess ing  capab i l i ty  to  v iew and  
mod i fy  compared  to  a  so l id -mode l -based  CAD sys t em.   Ras t e r  and  MIL-PRF-28000  IGES da t a  fo rma t s  
genera l ly  necess i ta te  la rger  d i sk  memory .   Some da ta  func t ions  cannot  be  per formed on  a l l  d ig i ta l  da ta  
fo rmats .

2.2.2  - -  Operating System Compatibi l i ty

The f i r s t  cons idera t ion  i s  which  opera t ing  sys tems  the  program uses .   The  opera t ing  sys tem var ia t ions  are 
descr ibed  in  2 .1 .2 .   A sof tware  appl ica t ion  tha t  suppor t s  mul t ip le  works ta t ion  types  wi l l  a l low grea te r  
f lex ib i l i ty  than  a  program t ied  to  a  s ingle  opera t ing  sys tem.   This  i s  espec ia l ly  t rue  when bus iness  and  
engineer ing  personne l  need  to  rev iew the  d ig i ta l  da ta .   Mos t  bus iness  app l ica t ions  opera te  on  a  PC whi le  
mos t  eng inee r ing  app l i ca t ions  opera te  on  RISC-based  works ta t ion .

X-window emula t ion  so f tware  may  so lve  some  p rob lems .   The  cu r ren t  gene ra t ion  o f  X-window emula t ion  
p r o g r a m s  are  qui te  robus t  and  can  be  used  to  a l low PC  use r s  acces s  t o  UNIX X-window so f tware  f rom a  
P C .   T h e  P C  emula t ion  packages  fo r  RISC-based  works ta t ions  a re  no t  a s  soph i s t i ca ted  as  the  X-window 
emula t ion  p rog rams .

2.2.3 --  Application Packages

Genera l  types  o f  packages  o f  app l ica t ion  packages  a re  shown in  Table  3 -3 .

                                                                                                                                                  
Computer  Sof tware Capabil i t ies Examples
                                                                                                                                                  
Word  P roces s ing Crea t i ng  Tex t -Based  Doc . D o c u m e n t s
                                                                                                                                                  
Sp read  Shee t Ca lcu la t ions F inanc ia l  Repor t s

Da ta  Man ipu la t ions Eng inee r ing  Ca lcu la t ions
Cha r t  and  Graphs Da ta  Repor t s

                                                                                                                                                  
D a t a b a s e s S to re  and  o rgan ize  da ta Data  Repor t s

R e p o r t s
Que r i e s
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W o r k f l o w  M a n a g e r Route  da ta  to  r ev iewers Data  De l ive rab les

Def ine ,  ac t iva te ,  and  moni tor
jobs  and  p rocesses

                                                                                                                                                  
E l ec t ron ic  Ma i l Exchange  ma i l  messages  and Admin i s t r a t i ve  Da ta

data  f i les
                                                                                                                                                  
Desk top  Pub l i sh ing Advanced  Tex t  and  Graph i c s A d v a n c e d  D o c u m e n t s

In teg ra t ed  Documen t s and  Pub l i ca t ions
                                                                                                                                                  
M u l t i m e d i a A u d i o / V i d e o / A n i m a t i o n Tra in ing  Mate r ia l s

A d v a n c e d  T e x t  a n d  G r a p h i c s I E T M s
Hyper t ex t

                                                                                                                                                  
M a t h e m a t i c s Symbol i c  Ca lcu la t ions Eng inee r ing  Ca lcu la t ions

Advanced  Ca lcu l a t i ons Techn ica l  Repor t s
2 -D,  3 -D P lo t s

                                                                                                                                                  
Te rmina l  Emula t i on Emula t e s  Spec i f i c  Te rmina l s X - W i n d o w  E m u l a t i o n

fo r  PCs o n  a  P C
                                                                                                                                                  
M C A D 3 - D  S o l i d  M o d e l i n g W e a p o n  S y s t e m  M o d e l s

M e c h a n i c a l  D r a w i n g S h i p  D r a w i n g s
                                                                                                                                                  
Schemat i c  Cap tu re E lec t r i ca l  Schemat i c W i r i n g  D i a g r a m s

Log ic  Check ing Av ion i c s  Sys t em Des igns
                                                                                                                                                  
P r in t ed  Wi r ing  Boa rd P W B  L a y o u t C o m p u t e r  A i d e d

( P W B )  L a y o u t P W B  M a n u f a c t u r i n g  D a t a M a n u f a c t u r i n g
                                                                                                                                                  
F in i t e  E lement  Ana lys i s S t ruc tu ra l  S imula t ion Fl igh t  Sa fe ty  Checks

Vib ra t i on  S imu la t i on Coo l ing  Sys t ems
The rma l  S imu la t i on Eva lua t i ons

                                                                                                                                                  
D y n a m i c  S i m u l a t i o n M e c h a n i s m  S i m u l a t i o n B o m b  R a c k  M e c h a n i s m

D y n a m i c  S y s t e m  S i m u l a t i o n E v a l u a t i o n s
Vehic le  Charac te r i s t i c

S imu la t i ons
                                                                                                                                                  
E lec t r i ca l  S imula t ion V H D L C o m p u t e r  A i d e d

Ana log  S imu la t i on Eng inee r ing
A S I C  S i m u l a t i o n
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Table  3 -3 .  - -  Genera l  Types  o f  App l ica t ion  Packages .

2.2.4 --  Software Licensing

The type  of  sof tware  l icens ing  ava i lab le  can  a f fec t  the  to ta l  cos t  to  implement  a  sof tware  sys tem.   The  four  
types  of  sof tware  l icens ing  tha t  a re  prevalent  today are  s ingle-user  l icense ,  s ingle-computer  l icense ,  
ne twork  l icense ,  and  a  s i te  l icense .   Each l icens ing  opt ion  has  a  proper  use  and can  grea t ly  a f fec t  the  total  
l i fe-cycle cos t s  assoc ia ted  wi th  the  sof tware  p rocurement .

A s ing le -user  l i cense  a l lows  the  sof tware  to  be  loaded  on  one  computer ,  and  one  person  has  access  to  the  
p rogram a t  a  t ime .   Mos t  PC sof tware  p rograms  a re  l i censed  to  a  s ing le  user .   A  s ing le -computer  l i cense  is 
l i censed  for  a  spec i f ic  computer ,  and  the  vendor  may charge  to  move  the  l i cense  to  a  d i f fe ren t  computer .   
This  type  of  l icense  can  a l low e i ther  a  s ingle  user  or  mul t ip le  users  access  to  the  program.   The  
mul t ip le -user  op t ion  i s  genera l ly  used  when  the  sof tware  i s  opera t ing  on  a  ma in f r ame  compute r  o r  ne twork  
server .

A  ne twork  l i cense  wi l l  a l low a  spec i f i c  number  o f  s imul taneous  use r s ,  who  sha re  a  common ne twork ,  
access  to  the  p rogram.   S ing le -compute r  and  ne twork  l icenses  a re  usua l ly  of fered  on  sof tware  ava i lab le  on  
UNIX works t a t i ons .   These  l icenses  can  reduce  the  to ta l  cos t  of  supply ing  the  needed sof tware  for  a l l  of  
the  users  of  an  acquis i t ion  program.   A s i te  l i cense  a l lows  the  sof tware  to  be  used  on  any  computer  a t  a  
par t icular  locat ion.

Nex t  Sec t ion


